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Description 
Background 

s Concrete structures can undergo accelerated deterioration due to corrosion of the reinforcing steel rods. The cor- 

rosion is caused by the gradual introduction of chloride into the concrete from deicing salts. Applying penetrating seal- 
ers can greatly diminish the intrusion of chloride into the concrete. 

Solutions of alkyitrialkoxysilanes in organic solvents have been used very effectively to impart water repellent prop- 
erties to porous masonry substrates such as mortar and concrete. These formulations penetrate the masonry substrate 

10 and provide a significant hydrophobic layer. However, solvent base formulations are undesirable due to the large 
amount of volatile organic components that are released into the air during their use. Various state regulations prohibit 
the volatile organic content (VOC) of an architectural coating from exceeding four hundred grams per liter. 

The prior art solvent base coatings have not met these regulations. To reduce the amount of organic compounds 
released into the air, preparations of aqueous emulsions of alkyitrialkoxysilanes have been reported. 

75 The utility of silanes in such aqueous emulsions, especially alkoxysilanes, as masonry water repellents is a widely 
known use because of their hydrophobic nature. For example, U.S. Patent No. 4.648.904 issued to DePasquale and 
Wilson teaches a porous masonry water repellent composition comprising: a hydrolyzable silane, an emulsifying agent 
and water. U.S. Patent No. 4,877,654 issued to Wilson teaches a similar composition but also contains a buffering com- 
pound to maintain the composition within the pH stable range. U.S. Patent No. 5,074,912, issued to Liles and Klein also 

20 teaches a water repellent composition for treating porous substrates consisting of an emulsion containing water, at least 
on surfactant, and a siloxane. However, the emulsif iers taught therein are generally nonionic surfactants and only one 
type of silane (the active ingredient) may be used at a time in each emulsion. It has been found that nonionic emulsif iers, 
in particular highly ethoxylated surfactants, reduce the hydrophobic effect of these compositions. This leads to an 
increase in water absorption of the masonry material and in most cases a reduction in penetration depth of the silane. 

25 Another example of prior art aqueous emulsions is taught in U.S. Patent No. 4,433,013 issued to Puhringer, which 
discloses a water-sealant for inorganic porous mineral substrates which comprise an emulsion of at least one silane, 
one deactivatable surfactant, an organic alcohol, and water. The surfactants taught as useful therein include fatty acid 
esters, and particularly alcohol/alkylene oxide adducts. 

Moreover, in unrelated fields, the manufacture and use of quaternary ammonium pendant siloxane copolymers 

30 have been known. See U.S. Patent No. 4,895,964, issued to Margida. The uses in the prior art of such quaternary polyl- 
siloxanes have been in cosmetic preparations, as disclosed in the U.S. Patent No. 4,891,166, issued to Shaefer and 
Krakenberg and in waterproofing compositions with good fungicidal and mildewcidal properties, as disclosed in Euro- 
pean Patent Application, Publication No. 0,469,624, to Yoshioka. 

35 Summ3ry of Invention 

The present invention teaches masonry water repellents comprising aqueous emulsions of alkylalkoxysi lanes with 
either a quaternary ammonium surfactant or a mixture of a quaternary ammonium surfactant with an amino and/or a 
nonionic surfactant. The alkylalkoxysi lane is present at a level of about one to sixty weight percent of the final solution 

40 weight. The surfactants are present at levels of about 0.05 to 25 weight percent of the final solution weight. The useful 
quaternary ammonium surfactants are alkyltrimethyl or dialkyldimethyl ammonium compounds. Amino and nonionic 
surfactants are used as additives to the quaternary surfactants. The types of nonionic surfactants contemplated herein 
are alkylamines and alkyl acetylenic alcohols. Thus the invention relates to an aqueous emulsion consisting essentially 
of (a) 1 .0 to 60 weight % of a silane; (b) 0.05 to 25 weight % of a quaternary ammonium compound of the general for- 

45 mula R 1 a(R 2 ) 4 . a N + X\ where R 1 are alkyl groups of eight to twenty-two carbons in length, R 2 are alkyl groups of 1 -3 car- 
bons in length,. and X* is an inorganic or organic anion. 

Further embodiments of the invention are set forth in clamps 2 to 12. 

Description of Invention 

50 

The present invention relates to the preparation of stable aqueous emulsions which impart hydrophobic properties 
to masonry materials and which penetrate into the masonry material to provide a significant hydrophobic layer. The 
term "masonry" is intended to include any porous inorganic substrate, particularly building compositions and including, 
but not limited to, structural ceramics such as common brick, paving brick, face conduits, rooling til , flue lining, 
55 cements such as Portland cement, calcined gypsum products, molding and building plaster and stucco, magnesia 
cement, insulation products such as electrical and thermal insulators (diatomaceous earth brick) and porcelain spark 
plugs. The term also includes stone, til , artificial stone, adobe, concrete and reinforced concrete such as found in road- 
ways, bridge decks, airport runways, parking garage decks, and other concrete building structures. The hydrophobic 
properties imparted by the emulsion of the pres nt invention applied over masonry surfaces protect the surfaces from 
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corrosion, acidic rain, saltwater and other degradents which water could otherwise deliver into the masonry. 

An aqueous emulsion of the present invention consists of an alkylalkoxysilane or mixtures of alkylalkoxysilanes, 
emulsrfiers and water. Optionally, a buffer may b added to maintain the pH of th emulsion in th pref rred rang of 
between 6 and 8. The alkylalkoxysilanes are the hydrophobic active ingredients in the emulsion that block the penetra- 

5 tion of water into the masonry. The water is the solvent that carries the active ingredient into the masonry. The emulslf ier 
is necessary to solubilize the silane in water. The buffer controls the pH of the solution. 

The alkylalkoxysilanes for use herein are of the general structure R 1 a Si(OR 2 ) 4 . a where R 1 is to C 18 alkyl groups 
in straight or branched chain - configuration or aryl or aralkyl groups. R 2 may be to C 5 alkyl groups in straight or 
branched chain configuration and a is one (1) to three (3). The preferred R 1 is C 5 to C 12 alkyl groups and R 2 is C 2 to C 4 

10 alkyl groups. The most preferred silane for use herein is octyltriethoxysilane and octyltriisopropoxysilane. Alkyltrimeth- 
oxysilanes tend to hydrolyze more readily and decrease the shelf life of the emulsion and so are not preferred. 

Moreover, mixtures of silanes may be used in emulsions of the present invention. By using a mixture of silanes in 
the emulsion one can choose one silane for its hydrophobic properties and another for its ability to penetrate masonry. 
Previously, mixtures of silanes could not be used because it was difficult to match two different silanes to a single emul- 

75 sifier. Specific examples of silanes used in accordance with the present invention include, but are not limited to, meth- 
yltriethoxysilane, methyltri-n-propoxysilane, ethyltriethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, 
ethyltri-n-propoxysilane, propyltriethoxysilane, propyltri-n-propoxysilane. butyltriethoxysilane, dibutyldimethoxysilane, 
isobutyltrimethoxysilane, di-isobutyldimethoxysilane, isobutyltriethoxysilane, 4-chlorobenzyi triethoxysilane, 4-bro- 
mobenzyl tri-npropoxysilane, phenyltriethoxysilane, octyltriethoxysilane, octyltriisopropoxysilane, dodecyltribromosi- 

20 lane, tetradecyltriethoxysilane, hexadecyltriethoxysilane, octadecyltriethoxysilane, mixtures thereof, and admixtures 
thereof with dimers, trimers and other oligomers thereof. 

The emulsif iers for use herein include a quaternary ammonium surfactant or a mixture of quaternary ammonium 
surfactants with amino or specific nonionic surfactants. The quaternary ammonium surfactants are alkyl quaternary 
ammonium compounds. The quaternary ammonium compounds of the present invention are of the formula R 1 a R 2 4- 

25 a N + X" where R 1 is C 8 to C 2 2 alkyl group, R 2 are relatively short alkyl groups of 1-3 carbons in length and a is 1 or 2. 
Specific examples of quaternary ammonium surfactants useful in accordance with the present invention include, but are 
not limited to the following examples (tradenames and trademarks): ARQUAD 2C-75, C-33W, C-50, 2HT-75, S-50, T- 
50, 12-37W. 12-50, 16-29W, 16-50 and 18-50 (commercially available from AKZO Chemicals, Inc. of Chicago, Illinois), 
JET QUAT C-50, S-2C-50, S-50, T-2C-50, T-50 and 2C-75 (commercially available from Jetco Chemicals, Inc. of Corsi- 

30 cana, Texas), M-QUAT 32-2475 (commercially available from Mazer Chemicals, Inc. of Mission Viejo, CA), TINEGAL 
MR-50 (commercially available from Ciba-Geigy Corp. of Basel, Switzerland). TOMAH Q-17-2, Q-18-15, Q-31 1, Q-51 1 
and Q-D-T (commercially available from Tomah Products, Inc., a divison of Exxon Chemical Co. of Milton, Wl). and 
VARIQUAT A-200, B-200 and K-300 (commercially available from Sherex Chemical Co.. Inc. of Dublin, Ohio). 

Co-surfactants may be used as additives with the quaternary ammonium surfactants. The types of surfactants use- 

35 ful for such a purpose are alkyl amines, which become protonated in the aqueous solution, and nonionics which are 
hydroxylated ethoxylated acetylenic hydrocarbons, such as ethoxylated tetramethyl decynediol (SURFYNOL 420®. 
available from Air Products of Allentown, Pennsylvania). In distinction, ethoxylated amines (ag,, bis(2-hydroxyethyl) 
cocoamine (ETHOMEEN® C/12 available from Akzo Chemicals Inc. of Chicago, Illinois)) have been found not to be 
effective for this purpose. The ethoxylated acetylenic hyrocarbon nonionics, for this purpose, should only be present at 

40 about 0.1 to 1 .0 weight percent of the total emulsion and preferably about 0.3 weight percent. The alkyl amines have 
been found effective at weight percentages about equal to those of the quaternary ammonium surfactant present. 

Specific examples alkyl amines useful as co-surfactants in accordance with the present invention include, but are 
not limited to, dodecylamine, hexadecylamine, octadecylamine, amines derived from coconut oil, hardened tallow, tal- 
low, soya, methyl dicoco amine, methyl dihydrogenated tallow amine, dimethyl cocoamine, dimethyl dodecyl amine, and 

45 dimethyl hexadecyl amine. Specific examples of nonionic surfactants useful as co-surfactants in accordance with the 
present invention include, but are not limited to, SURFYNOL® 61 , 82, 104, 420, 440 and 465 (available from Air Prod- 
ucts). 

Optionally, a small amount of organic solvent can be used as an additional stabilizer. These organic solvents have 
a synergistic affect on the emulsion and are not intended to be added at the level of a solvent, but act rather as a stabi- 
50 lizer of the emulsion. Said solvents should be added at less than 1 0.0 weight percent of the emulsion, and preferably at 
about 1 -2 weight percent. Specific examples of solvents useful in accordance with the present invention include, but are 
not limited to, alcohols such as methanol, ethanol, propanol, 2-propanol, butanol, 2-methyl-2-propanol, 2-butanol and 
pentanol. 

The silane may b present in an amount ranging from 1.0 to 60 weight percent of the mulsion. Varying th amount 
55 of silane in the emulsion changes the performance of the emulsion since the silane is the active ingredient. The emul- 
sif ier is present in an amount ranging from 0.05 to 25 weight percent of the emulsion. The greater the amount of silane, 
the great r the amount of emulsifier required to solubilize the silan in water. The weight ratio of silane to emulsifier 
should be about 1:1 to 120:1, preferably from 4:1 to 20:1 and in particular about 10:1. Water is present in an amount 
ranging from 15 to 98.95 weight percent of the emulsion. 
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The aqueous emulsions are typically prepared by mixing the surfactant or mixture of surfactants with an alkyltri- 
alkoxysilane or a mixture of alkylalkoxysilanes. Water is then added and the mixture is blended to provide a white, milky 
emulsion. The pH of the resulting emulsion may be adjusted to provide a final emulsion with a pH of 7.0 ± 1.0. A pH 
outside of this range is possible, but it shortens the shelf life of the emulsion. Substances which can be used to adjust 
5 the pH are organic or inorganic buffers including sodium acetat , sodium citrate, sodium carbonate, sodium bicarbo- 
nate, sodium hydrogen phosphate, sodium dihydrogen phosphate, the corresponding potassium salts, and organic 
amines and their salts. When organic amine surfactants are used as co-emulsif iers, the addition of buffer usually is not 
required because the pH is normally in the desired range of 6 to 8. 

The emulsions of the present invention may be applied onto the surface to be protected in a variety of ways that are 
10 well known in the art, including, but not limited to. brushing, spraying and rolling the emulsion on the surface. 

When an emulsion of the present invention was applied at the rate of 3.07 m 2 /l (125 square feet per gallon) as a 
single coat, the industry standard for testing, it reduced the water gain of a two-inch concrete tube by approximately 70 
percent and the silane had a penetration depth of at least 0.51 cm (0.2 inches). A typical emulsion prepared with sur- 
factants has a penetration depth of only 0.254 cm (0.1 inches). 

15 

E x a mples 

Coating and Testing Procedure 

20 The penetrating sealers described below were applied to 5.08 cm (two-inch) concrete tubes at a rate of 3.07 m 2 /l 
(125 square feet per gallon) with a small, bristle brush and allowed to cure on a wire rack for two days at ambient con- 
ditions. The coated tubes were weighed and then completely immersed in a water bath so that the concrete was more 
than one inch below the water surface. The cubes were weighed daily and the percentage weight increase was deter- 
mined. When the soaking test was completed, the cubes were allowed to dry at ambient conditions in a laboratory 

25 hood. After the cubes were allowed to dry, they were broken in half. The inner surface of each cube was sprayed with 
water and the depth of penetration of the sealer was determined as a visible dry area of the concrete below the coated 
surface. This was easily measured with a ruler or caliper. The results of the sealers described below are set forth in 
Table I. 

30 Example I 

To 13.4 grams of octyltriethoxysilane was added 3.0 grams of dimethyldicocoammonium chloride (ARQUAD® 2C- 
75 available from Akzo Chemicals Inc. of Chicago, Illinois). The mixture was stirred with a stirring bar for 30 minutes. To 
this mixture was then added 33.6 grams of deionized water and the mixture was stirred vigorously. A milky white emul- 
35 sion resulted. The pH of the emulsion was adjusted with sodium phosphate dibasic to give a final pH of 7.4. 

Example II 

To 40.0 grams of octyltriethoxysilane was added 2.0 grams of ARQUAD® 2C-75 in an Oster blender and mixed at 
40 low speed for one minute. 58.0 grams of water buffered to a pH of 7.0 with a phosphate buffer was added to the mixture 
and the mixture was stirred at a high speed for five minutes resulting in a white, milky emulsion. The pH of the resulting 
emulsion was found to be 6.8. 

Example III 

45 

To 3.5 grams of octyltriethoxysilane and 0.5 grams of 1,10-bistrimethoxysilyldecane was added 0.4 grams of 
ARQUAD® 2C-75. The mixture was stirred with a magnetic stirring bar. To this mixture was then added 5.6 grams of 
deionized water and the mixture was stirred vigorously. A white milky emulsion resulted. To the emulsion was added 
0.02 grams of SURFYNOL® 420. The emulsion was stirred for an additional thirty minutes. 

50 

Example IV 

To 3.5 grams of octyltriethoxysilane and 0.5 grams of 1,10-bis(triethoxysilyl) decane was added 0.3 grams of 
ARQUAD® 2C-75 and 0.05 grams of dimethyl di(hydrogenated-tallow)ammonium chloride (ARQUAD® 2HT75 availa- 
55 ble from Akzo Chemicals Inc. of Chicago, Illinois). Th mixture was stirred with a magnetic stiring bar. To this mixture 
was added 5.65 grams of deionized water and the mixture was stirred vigorously for four hours. A white milky emulsion 
resulted. 
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Example V 

To 40.0 grams of octyltriethoxysilane was added 2.0 grams of ARQUAD® 2C-75, and 2.0 grams of cocodimethyl 
amine (ARMEEN® DMCD available from Akzo Chemie America). The mixture was blended at low speed. To this mix- 
5 ture was added and blended at high speed 56.0 grams of water. A white emulsion resulted. 

Example VI 

To 40.0 grams of octyltriethoxysilane was added 2.0 grams of ARQUAD® 2C-75 and 2.0 grams of ARMEEN® 
10 DMCD. The mixture was stirred. To this mixture was added and mixed at high speed 55.7 grams of water. Finally, 0.3 
grams of SURFONYL 420 was added and the mixture was stirred for thirty minutes. 

Comparative Example I 

is To 30 grams of absolute ethyl alcohol was added 20 grams of octylmethoxysilane to make a 40% by weight silane 
solution. 

Comparative Example II 

20 To 20.0 grams of octyltriethoxysilane was added 0.56 grams of octylphenoxypolyethoxy ethanol and 0.24 grams of 
octylphenoxypolyethoxy ethanol [differentiate] in an Oster blender. The mixture was stirred at a low speed for one 
minute. Deionized water, 29.2 grams, was added quickly and the mixture was blended at a high speed for five minutes. 
A white, milky emulsion resulted. 

25 Comparative Example III 

To 30.0 grams of octyltriethoxysilane was added 0.42 grams of alkyloxypolyethyleneoxy ethanol (primary alcohol) 
and 0.78 grams of alkyloxypolyethyleneoxy ethanol (secondary alcohol) in an Oster blender at a low speed for one 
minute. 43.8 grams of deionized water was added and the mixture was blended for five minutes at a very high speed, 
30 A white, milky emulsion resulted. 

Comparative Example IV 

To 40.0 grams of octyltriethoxysilane was added 2.4 grams of alkanoxypolyethyleneoxy ethanol and 1 .8 grams of 
35 cetyl trimethylammonium bromide. The mixture was stirred. To this mixture was added and mixed 55.8 grams of water. 

Comparative Example V 

To 40.0 grams of octyltriethoxysilane was added 5.0 grams of ARQUAD® 2HT75 and 1 .0 grams of ETHOMEEN® 
40 C12. The mixture was stirred. To this mixture was added and mixed 54.0 grams of water. 



45 



50 



55 



5 



EP0 631 999 B1 



Table I 



Coating 


Weight Gain (%) (after 
10 Days) 


Depth of Penetration 






(Inches) 


(cm) 


No Coating 


5.3% 


■ 




Example I 


1.6% 


0.20 


0.508 


Example II 


1.5% 


0.20 


0.508 


Example III 


1.2% 


A Oft 


U.OUO 


Example IV 


1.8% 


0.20 


0.508 


Example V 


1.7% 


0.20 


0.508 


Example VI 


1.8% 


0.25 


0.635 


Comparative Example I 


1.6% 


0.20 


0.508 


Comparative Example II 


2.0% 


0.10 


0.254 


Comparative Example III 


2.2% 


0.10 


0.254 


Comparative Example IV 


2.0% 


0.10 


0.254 


Comparative Example V 


1.5% 


0.10 


0.254 
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Claims 

30 

1 . An aqueous emulsion consisting essentially of 

a. 1 .0 to 60 weight % of a silane; 

35 b. 0.05 to 25 weight % of a quaternary ammonium compound of the general formula R 1 a (R 2 )4- a N + X". where R 1 

are alkyl groups of eight to twenty-two carbons in length, R 2 are alkyl groups of 1-3 carbons in length, X" is an 
inorganic or organic anion, and a is 1 or 2. 

2. The aqueous emulsion of claim 1 , where the silane is of the general structure R 1 a Si(OR 2 ) 4 . a where R 1 is to C 18 
40 alkyl groups in straight or branched chain configuration or aryl or aralkyl groups, R 2 are C-j to c 5 alkyl groups in 

straight or branched chain configuration and a is one (1) to three (3). 

3. The aqueous emulsion of claim 1, where X" is a halide or acetate. 

45 4. The aqueous emulsion of claim 1, additionally comprising nonionic surfactants present at about 0.1 to 1.0 weight 
percent of the emulsion. 

5. The aqueous emulsion of claim 4, where the nonionic surfactant is a trialkyl amine. 

so 6. The aqueous emulsion of claim 4, where the nonionic surfactant is an ethoxylated acetylinic hydrocarbon. 

7. The aqueous emulsion of claim 1 , where the weight ratio of silane to emulstf ier is 4:1 to 20:1 . 

8. The aqueous emulsion of claim 1 additionally comprising a buffer. 

55 

9. The aqueous emulsion of claim 1 additionally comprising an organic solvent. 

10. The aqueous emulsion of claim 1 where R 2 has a hydroxy! group. 
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Table I 





Coating 


Weight Gain (%) (after 


Depth of Penetration 


5 




10 Days) 












(Inches) 


(cm) 




No Coating 


5.3% 


- 




10 


Example 1 


1.6% 


0.20 


0.508 


Example II 


1.5% 


0.20 


0.508 




Example III 


1.2% 


0.20 


0.508 




Example IV 


1.8% 


0.20 


0.508 


15 


Example V 


1.7% 


0.20 


0.508 




Example VI 


1.8% 


0.25 


0.635 




Comparative Example 1 


1.6% 


0.20 


0.508 


20 


Comparative Example II 


2.0% 


0.10 


0.254 


Comparative Example III 


2.2% 


0.10 


0.254 




Comparative Example IV 


2.0% 


0.10 


0.254 




Comparative Example V 


1.5% 


0.10 


0.254 
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Claims 

30 

1 . An aqueous emulsion consisting essentially of 

a. 1 .0 to 60 weight % of a silane; 

35 b. 0.05 to 25 weight % of a quaternary ammonium compound of the general formula R 1 a(R 2 )4-a N+ X", where R 1 

are alkyl groups of eight to twenty-two carbons in length, R 2 are alkyl groups of 1-3 carbons in length. X - is an 
inorganic or organic anion, and a is 1 or 2. 

2. The aqueous emulsion of claim 1 , where the silane is of the general structure R 1 a Si(OR 2 ) 4 _ a where R 1 is Cj to C 18 
40 alkyl groups in straight or branched chain configuration or aryl or aralkyl groups, R 2 are C-j to C5 alkyl groups in 

straight or branched chain configuration and a is one (1) to three (3). 

3. The aqueous emulsion of claim 1 , where X' is a halide or acetate. 

45 4. The aqueous emulsion of claim 1, additionally comprising nonionic surfactants present at about 0.1 to 1.0 weight 
percent of the emulsion. 

5. The aqueous emulsion of claim 4, where the nonionic surfactant is a trialkyl amine. 

50 6. The aqueous emulsion of claim 4, where the nonionic surfactant is an ethoxylated acetylinic hydrocarbon. 

7. The aqueous emulsion of claim 1 , where the weight ratio of silane to emulsifier is 4:1 to 20:1 . 

8. The aqueous emulsion of claim 1 additionally comprising a buffer. 

55 

9. The aqueous emulsion of claim 1 additionally comprising an organic solvent. 

1 0. The aqueous emulsion of claim 1 where R 2 has a hydroxyl group. 
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1 1 . A process for making a water-sealant composition comprising mixing: 

a. 1 .00 to 60 weight percent of a silane as defined in claims 1 or 2 
s b. 0.05 to 25 weight percent of a quarternary ammonium compound as defined in claims 1 or 3 and 

c. 15 to 98.5 weight percent water, 
to form an emulsion. 

10 

1 2. The use of an emulsif ier as defined in claims 1 or 3 to emulsify a silane in order to obtain masonry water repellents 
comprising aqueous emulsions of the silanes. 

Patentanspruche 

75 

1 . WaBrige Emulsion, bestehend im wesentlichen aus 

a) 1,0 bis 60 Gew.-% eines Silans; 

20 b) 0,05 bis 25 Gew.-% einer quaternaren Ammoniumverbindung der allgemeinen Formel R 1 a ( R2 )4-a N+ X', 

worin R 1 Alkylgruppen mit 8 bis 22 Kohlenstoffen in der Lange sind. R 2 Alkylgruppen mit 1-3 Kohlenstoffen in 
der Lange sind, X' ein anorganisches Oder organisches Anion ist und a 1 oder 2 ist 

2. WaBrige Emulsion gemaB Anspruch 1 , wobei das Silan die allgemeine Struktur R 1 a Si(OR 2 ) 4 . a besitzt, worin R 1 Ci - 
25 C 18 -Alkylgruppen in gerad- oder verzweigtkettiger Konfiguration oder Aryl- oder Aralkylgruppen sind. R 2 CrC 5 - 

Alkylgruppen in gerad- oder verzweigtkettiger Konfiguration sind und a eins (1) bisdrei (3) ist. 

3. WaBrige Emulsion gemaB Anspruch 1, wo X" ein Halogenid oder Acetat ist. 

30 4. WaBrige Emulsion gemaB Anspruch 1, umfassend weiterhin nichtionische Tenside, die mit etwa 0,1 bis 1 ,0 Gew.- 
%, bezogen auf die Emulsion, vorliegen. 

5. WaBrige Emulsion gemaB Anspruch 4, wobei das nichtionische Tensid ein Trialkylamin ist. 

35 6. WaBrige Emulsion gemaB Anspruch 4, wobei das nichtionische Tensid ein ethoxylierter Acetyl enkohlenwasserstoff 
ist. 

7. WaBrige Emulsion gemaB Anspruch 1, wobei das Gewichtsverhaitnis von Silan zum Emulgiermittel 4 : 1 bis 20 : 1 
betragt. 

40 

8. WaBrige Emulsion gemaB Anspruch 1, die weiterhin einen Puffer umfaBt. 

9. WaBrige Emulsion gemaB Anspruch 1, die weiterhin ein organisches LGsungsmittel umfaBt. 
45 10. WaBrige Emulsion gemaB Anspruch 1, wobei R 2 eine Hydroxy Igruppe besitzt. 

1 1 . Verfahren zur Herstellung einer wasserabdichtenden Zusammensetzung, umfassend das Mischen von: 

a) 1,00 bis 60 Gew.-% eines Silans, wie im Anspruch 1 oder 2 definiert; 

50 

b) 0,05 bis 25 Gew.-% einer quaternaren Ammoniumverbindung, wie im Anspruch 1 oder 3 definiert. und 

c) 15 bis 98,5 Gew.-% Wasser, 
55 urn eine Emulsion zu bilden. 

12. Verwendung eines Emulgiermittels. wie im Anspruch 1 od r 3 definiert, zur Emulgierung eines Silans, urn wasser- 
abstoBende Mittel fur Mauerwerke zu erhalten, umfassend waBrige Emulsionen der Silane. 
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Revendications 

1 . Emulsion aqueuse consistant essentiellement en 

a. de 1 ,0 a 60% en poids d'un silane; 

b. de 0,05 a 25% en poids d'un compose d'ammonium quaternaire de la formule generale R 1 a (R 2 )4- a N+ X", ou 
R 1 sont des groupes alkyles de huit a vingt-deux atomes de carbone en longueur, R 2 sont des groupes alkyles 
de 1 -3 atomes de carbone en longueur, X" est un anion inorganique ou organique. et a est egal a 1 ou a 2. 

2. Emulsion aqueuse selon la revendication 1 dans laquelle le silane est de la structure generale R 1 a Si(OR 2 ) 4 . a , ou 
R 1 sont des groupes alkyles en CyC^Q dans une configuration de chaTne lineaire ou ramifiee ou des groupes 
aryles ou aralkyles. R 2 sont des groupes alkyles en C r C 5 dans une configuration de chaTne lineaire ou ramifiee et 
a est compris entre un (1) et trois (3). 

3. Emulsion aqueuse selon la revendication 1 , dans laquelle X" est un halogenure ou un acetate. 

4. Emulsion aqueuse selon la revendication 1 comprenant en plus des tensioactifs nonioniques presents d' environ 
0,1 a 1 ,0% en poids de I'emulsion. 

5. Emulsion aqueuse selon la revendication 4, dans laquelle ou le tensioactif nonionique est une trialkylamine. 

6. Emulsion aqueuse selon la revendication 4, dans laquelle le tensioactif non-ionique est un hydrocarbure acetyleni- 
que §thoxyle. 

7. Emulsion aqueuse selon la revendication 1 , dans laquelle le rapport massique du silane a I'emulsif iant est de 4 :1 
a 20:1. 

8. Emulsion aqueuse selon la revendication 1 comprenant en plus un tampon. 

9. Emulsion aqueuse selon la revendication 1 comprenant en plus un solvant organique. 

10. Emulsion aqueuse selon la revendication 1, dans laquelle R 2 a un groupe hydroxyle. 

11. Precede de fabrication d'une composition de materiau d'etancheite a I'eau comprenant le melange : 

a) de 1 ,00 a 60% en poids d'un silane comme def ini dans larevendication 1 ou 2. 

b) de 0,05 a 25% en poids d'un compost d'ammonium quaternaire comme def ini dans la revendication 1 ou 3. 

c) de 15 a 98,5% en poids d'eau. 

pour former une emulsion. 

12. Utilisation d'un emulsifiant comme def ini dans la revendication 1 ou 3 pour emulsifier un silane afin d'obtenir des 
matieres hydrophobes de maconnerie comprenant des emulsions aqueuses des silanes. 
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Background 

Concrete structures can undergo accelerated deterioration due to corrosion of the reinforcing steel rods. 
The corrosion is caused by the gradual introduction of chloride into the concrete from deicing salts, 
s Applying penetrating sealers can greatly diminish the intrusion of chloride into the concrete. 

Solutions of alkyltrialkoxysilanes in organic solvents have been used very effectively to impart water 
repellent properties to porous masonry substrates such as mortar and concrete. These formulations 
penetrate the masonry substrate and provide a significant hydrophobic layer. However, solvent base 
formulations are undesirable due to the large amount of volatile organic components that are released into 
w the air during their use. Various state regulations prohibit the volatile organic content (VOC) of an 
architectural coating from exceeding four hundred grams per liter. 

The prior art solvent base coatings have not met these regulations. To reduce the amount of organic 
compounds released into the air, preparations of aqueous emulsions of alkyltrialkoxysilanes have been 
reported. 

75 The utility of silanes in such aqueous emulsions, especially alkoxysilanes, as masonry water repellents 
is a widely known use because of their hydrophobic nature. For example, U.S. Patent No. 4,648,904 issued 
to DePasquale and Wilson teaches a porous masonry water repellent composition comprising: a hydrolyza- 
ble silane, an emulsifying agent and water. U.S. Patent No. 4,877,654 issued to Wilson teaches a similar 
composition but also contains a buffering compound to maintain the composition within the pH stable range. 

20 U.S. Patent No. 5,074,912, issued to Liles and Klein also teaches a water repellent composition for treating 
porous substrates consisting of an emulsion containing water, at least one surfactant, and a siloxane. 
However, the emulsifiers taught therein are generally nonionic surfactants and only one type of silane (the 
active ingredient) may be used at a time in each emulsion. It has been found that nonionic emulsifiers, in 
particular highly ethoxylated surfactants, reduce the hydrophobic effect of these compositions. This leads to 

25 an increase in water absorption of the masonry material and in most cases a reduction in penetration depth 
of the silane. 

Another example of prior art aqueous emulsions is taught in U.S. Patent No. 4,433,013 issued to 
Puhringer, which discloses a water-sealant for inorganic porous mineral substrates which comprise an 
emulsion of at least one silane, one deactivatable surfactant, an organic alcohol, and water. The surfactants 
30 taught as useful therein include fatty acid esters, and particularly alcohol/aikylene oxide adducts. 

Moreover, in unrelated fields, the manufacture and use of quaternary ammonium pendant siloxane 
copolymers have been known. See U.S. Patent-No. 4,895,964, issued to Margida. The uses in the prior art 
of such quaternary polylsiloxanes have been in cosmetic preparations, as disclosed in the U.S. Patent No. 
4,891,166, issued to Shaefer and Krakenberg and in waterproofing compositions with good fungicidal and 
35 mildewcidal properties, as disclosed in European Patent Application, Publication No. 0,469,624, to Yoshioka. 

Summary of Invention 

The present invention teaches masonry water repellents comprising aqueous emulsions of alkylalkox- 
40 ysilanes with either a quaternary ammonium surfactant or a mixture of a quaternary ammonium surfactant 
with an amino and/or a nonionic surfactant. The alkylalkoxysilane is present at a level of about one to sixty 
weight percent of the final solution weight. The surfactants are present at levels of about 0.05 to 25 weight 
percent of the final solution weight. The useful quaternary ammonium surfactants are alkyitrimethyl or 
dialkyldimethyl ammonium compounds or quaternary ammonium modified dimethylpoiysiloxanes. Amino 
45 and nonionic surfactants are used as additives to the quaternary surfactants. The types of nonionic 
surfactants contemplated herein are alkylamines and alkyl acetylenic alcohols. 

Description of Invention 

so The present invention relates to the preparation of stable aqueous emulsions which impart hydrophobic 
properties to masonry materials and which penetrate into the masonry material to provide a significant 
hydrophobic layer. The term "masonry" is intended to include any porous inorganic substrate, particularly 
building compositions and including, but not limited to, structural ceramics such as common brick, paving 
brick, face conduits, roofing tile, flue lining, cements such as Portland cement, calcined gypsum products, 

55 molding and building plaster and stucco, magnesia cement, insulation products such as electrical and 
thermal insulators (diatomaceous earth brick) and porcelain spark plugs. The term also includes stone, tile, 
artificial stone, adobe, concrete and reinforced concrete such as found in roadways, bridge decks, airport 
runways, parking garage decks, and other concrete building structures. The hydrophobic properties 
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imparted by the emulsion of the present invention applied over masonry surfaces protect the surfaces from 
corrosion, acidic rain, salt water and other degradents which water could otherwise deliver into the masonry. 

An aqueous emulsion of the present invention consists of an alkylalkoxysiiane or mixtures of alkylalkox- 
ysilanes, emulsifiers and water. Optionally, a buffer may be added to maintain the pH of the emulsion in the 

s preferred range of between 6 and 8. The alkylalkoxysilanes are the hydrophobic active ingredients in the 
emulsion that block the penetration of water into the masonry. The water is the solvent that carries the 
active ingredient into the masonry. The emulsifier is necessary to solubilize the silane in water. The buffer 
controls the pH of the solution. 

The alkylalkoxysilanes for use herein are of the general structure R 1 o Si(0R 2 ) 4 - 0 where R 1 is Ci to Cis 

w alkyl groups in straight or branched chain - configuration or aryl or aralkyl groups, R 2 may be Ci to Cs alkyl 
groups in straight or branched chain configuration and a is one (1) to three (3). The preferred R 1 is Cs to 
C12 alkyl groups and R 2 is C 2 to alkyl groups. The most preferred silane for use herein is 
octyltriethoxysilane and octyltriisopropoxysilane. Alkyltrimethoxysilanes tend to hydrolyze more readily and 
decrease the shelf life of the emulsion and so are not preferred. 

75 Moreover, mixtures of silanes may be used in emulsions of the present invention. By using a mixture of 
silanes in the emulsion one can choose one silane for its hydrophobic properties and another for its ability 
to penetrate masonry. Previously, mixtures of silanes could not be used because it was difficult to match 
two different silanes to a single emulsifier. Specific examples of silanes used in accordance with the present 
invention include, but are not limited to, methyltriethoxysilane, methyltri-n-propoxysilane, ethyltriethox- 

20 ysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, ethyltri-n-propoxysilane, propyltriethoxysilane, 
propyltri-n-propoxysilane, butyltriethoxysilane, dibutyldimethoxysilane, isobutyltrimethoxysilane, di-isobutyl- 
dimethoxysilane, isobutyltriethoxysilane, 4-chlorobenzyl triethoxysilane, 4-bromobenzyl tri-npropoxysilane, 
phenyltriethoxysilane. octyltriethoxysilane, octyltriisopropoxysilane, dodecyltribromosilane, tetradecyl- 
triethoxysilane, hexadecyltriethoxysilane, octadecyltriethoxysilane, mixtures thereof, and admixtures thereof 

25 with dimers, trimers and other oligomers thereof. 

The emulsifiers for use herein include a quaternary ammonium surfactant or a mixture of quaternary 
ammonium surfactants with amino or specific nonionic surfactants. The quaternary ammonium surfactants 
are alkyl quaternary ammonium compounds or quaternary ammonium modified polysiloxanes. The quater- 
nary ammonium compounds of the present invention are of the formula R 1 a R 2 4 - a N + X~ where R 1 is Cs to 

30 C22 alkyl group. R 2 are relatively short alkyl groups of 1-3 carbons in length and a is 1 or 2. Specific 
examples of quaternary ammonium surfactants useful in accordance with the present invention include, but 
are not limited to, the following examples: ARQUAD 2C-75, C-33W, C-50, 2HT-75, S-50, T-50, 12-37W, 12- 
50, 16-29W, 16-50 and 18-50 (commercially available from AKZO Chemicals, Inc. of Chicago, Illinois), JET 
QUAT C-50, S-2C-50, S-50, T-2C-50, T-50 and 2C-75 (commercially available from Jetco Chemicals, Inc. of 

35 Corsicana, Texas), M-QUAT 32-2475 (commercially available from Mazer Chemicals, Inc. of Mission Viejo, 
CA), TINEGAL MR-50 (commercially available from Ciba-Geigy Corp. of Basel, Switzerland), TOMAH Q-17- 
2, Q-18-15, Q-311, Q-511 and Q-D-T (commercially available from Tomah Products, Inc., a divison of Exxon 
Chemical Co. of Milton, Wl), and VARIQUAT A-200, B-200 and K-300 (commercially available from Sherex 
Chemical Co. Inc. of Dublin, Ohio). 

40 The general formula of the quaternary ammonium modified polysiloxanes for use herein is MeR 1 R 3 Si- 
(OSiMeR 3 ) x (OSiR 2 R 3 -M) y SiR 1 R 3 Me where x = 3-25 and y = 0-5, with the preferred range for y being 2-3. 
The Rrs may be chosen from Me or R 2 -M and each R1 may be different from one another. R 2 are bivalent 
hydrocarbon groups with at least three carbon atoms and not larger than 22, which may have a hydroxyl 
group and may be interrupted by an oxygen atom and each may be different from one another. R 3 may be 

45 a methyl, ethyl or phenyl group. M is 



50 



R 3 

-N+-R 4 X- 



where R 3 , R\ R 5 are alkyl groups with 1 to 3 carbon atoms which may have hydroxy substitutions thereon. 
X~ is an inorganic or organic anion. Specific examples of the counter ion X" include, but are not limited to, 
halides, acetate, citrate, bicarbonate, hydrogen phosphate, dihydrogen phosphate, sulfate, hydrogen sulfate 
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and methosulfate, while a halide or acetate is preferred. An example of the R 2 -M group is 
-C 3 H60CH 2 CH(OH)CH 2 NMe 3 + Cl~ . 
5 A preferred silicone quaternary ammonium chloride is where y = 0 and has the formula of: 

Me^O-SiM^-OSiM^ 

R 2 R 2 

I I 
M M 

75 

where R 2 and M are as above. Also note that while the dimethyl siloxane is the preferred building block for 
the polysiloxane copolymer, diethyl or phenylmethyl siloxane may also be used herein as the building block 
for the copolymer. 

Y varies proportionally to the need for aqueous compatibility of the surfactant. Similarly, the larger the 
20 alkyl group of the silane (the active ingredient), the larger the hydrophobic group (x of the emulsifier) needs 
to be. 

Co-surfactants may be used as additives with the quaternary ammonium surfactants. The types of 
surfactants useful for such a purpose are alkyl amines, which become protonated in the aqueous solution, 
and nonionics which are hydroxylated ethoxylated acetylenic hydrocarbons, such as ethoxylated tetramethyl 

25 decynediol (SURFYNOL 420, available from Air Products of Allentown, Pennsylvania). In distinction, 
ethoxylated amines (e.g. , bis(2-hydroxyethyl) cocoamine (ETHOMEEN C/12 available from Akzo Chemicals 
Inc. of Chicago, Illinois)) have been found not to be effective for this purpose. The ethoxylated acetylenic 
hydrocarbon nonionics, for this purpose, should only be present at about 0.1 to 1.0 weight percent of the 
total emulsion and preferably about 0.3 weight percent. The alkyl amines have been found effective at 

30 weight percentages about equal to those of the quaternary ammonium surfactant present. 

Specific examples alkyl amines useful as co-surfactants in accordance with the present invention 
- include, but are not limited to, dodecylamine, hexadecylamine, octadecylamine, amines derived from 
coconut oil, hardened tallow, tallow, soya, methyl dicoco amine, methyl dihydrogenated tallow amine, 
dimethyl cocoamine, dimethyl dodecyl amine, and dimethyl hexadecyl amine. Specific examples of 

35 nonionic surfactants useful as co-surfactants in accordance with the present invention include, but are not 
limited to, SURFYNOL 61, 82, 104, 420, 440 and 465 (available from Air Products). 

Optionally, a small amount of organic solvent can be used as an additional stabilizer. These organic 
solvents have a synergistic affect on the emulsion and are not intended to be added at the level of a 
solvent, but act rather as a stabilizer of the emulsion. Said solvents should be added at less than 10.0 

40 weight percent of the emulsion, and preferably at about 1-2 weight percent. Specific examples of solvents 
useful in accordance with the present invention include, but are not limited to, alcohols such as methanol, 
ethanol, propanol, 2-propanol, butanol, 2-methyl-2-propano1, 2-butanol and pentanol. 

The silane may be present in an amount ranging from 1.0 to 60 weight percent of the emulsion. Varying 
the amount of silane in the emulsion changes the performance of the emulsion since the silane is the active 

45 ingredient. The emulsifier is present in an amount ranging from 0.05 to 25 weight percent of the emulsion. 
The greater the amount of silane, the greater the amount of emulsifier required to solubilize the silane in 
water. The weight ratio of silane to emulsifier should be about 1:1 to 120:1 and preferably is about 10:1. 
Water is present in an amount ranging from 15 to 98.95 weight percent of the emulsion. 

The aqueous emulsions are typically prepared by mixing the surfactant or mixture of surfactants with an 

so alkyltrialkoxysilane or a mixture of alkylalkoxysilanes. Water is then added and the mixture is blended to 
provide a white, milky emulsion. The pH of the resulting emulsion may be adjusted to provide a final 
emulsion with a pH of 7.0 ± 1.0. A pH outside of this range is possible, but it shortens the sh If life of the 
emulsion. Substances which can be used to adjust the pH are organic or inorganic buffers including sodium 
acetate, sodium citrate, sodium carbonate, sodium bicarbonate, sodium hydrogen phosphate, sodium 

55 dihydrogen phosphate, the corresponding potassium salts, and organic amines and their salts. When 
organic amine surfactants are used as co-emulsifiers, the addition of buffer usually is not required becaus 
the pH is normally in the desired range of 6 to 8. 
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The emulsions of the present invention may be applied onto the surface to be protected in a variety of 
ways that are well known in the art, including, but not limited to, brushing, spraying and rolling the emulsion 
on the surface. 

When an emulsion of the present invention was applied at the rate of 125 square feet per gallon as a 
5 single coat, the industry standard for testing, it reduced the water gain of a two-inch concrete cube by 
approximately 70 percent and the silane had a penetration depth of at least 0.2 inches. A typical emulsion 
prepared with surfactants has a penetration depth of only 0.1 inches. 

Examples 

10 

Coating and Testing Procedure 

The penetrating sealers described below were applied to two-inch concrete cubes at a rate of 125 
square feet per gallon with a small, bristle brush and allowed to cure on a wire rack for two days at ambient 

15 conditions. The coated cubes were weighed and then completely immersed in a water bath so that the 
concrete was more than one inch below the water surface. The cubes were weighed daily and the 
percentage weight increase was determined. When the soaking test was completed, the cubes were 
allowed to dry at ambient conditions in a laboratory hood. After the cubes were allowed to dry, they were 
broken in half. The inner surface of each cube was sprayed with water and the depth of penetration of the 

20 sealer was determined as a visible dry area of the concrete below the coated surface. This was easily 
measured with a ruler or caliper. The results of the sealers described below are set forth in Table I. 

Example I 

25 To 13.4 grams of octyltriethoxysilane was added 3.0 grams of dimethyldicocoammonium chloride 
(ARQUAD 2C-75 available from Akzo Chemicals Inc. of Chicago, Illinois). The mixture was stirred with a 
stirring bar for 30 minutes. To this mixture was then added 33.6 grams of deionized water and the mixture 
was stirred vigorously. A milky white emulsion resulted. The pH of the emulsion was adjusted with sodium 
phosphate dibasic to give a final pH of 7.4. 

30 

Example II 

To 40.0 grams of octyltriethoxysilane was added 2.0 grams of ARQUAD 2C-75 in an Oster blender and 
mixed at low speed for one minute. 58.0 grams of water buffered to a pH of 7.0 with a phosphate buffer was 
35 added to the mixture and the mixture was stirred at a high speed for five minutes resulting in a white, milky 
emulsion. The pH of the resulting emulsion was found to be 6.8. 

Example ill 

40 To 3.5 grams of octyltriethoxysilane and 0.5 grams of 1 ,10-bistrimethoxysilyldecanewas added 0.4 
grams of ARQUAD 2C-75. The mixture was stirred with a magnetic stirring bar. To this mixture was then 
added 5.6 grams of deionized water and the mixture was stirred vigorously. A white milky emulsion 
resulted. To the emulsion was added 0.02 grams of SURFYNOL 420. The emulsion was stirred for an 
additional thirty minutes. 

45 

Example IV 

To 3.5 grams of octyltriethoxysilane and 0.5 grams of 1 ,10-bis(triethoxysilyl) decane was added 0.3 
grams of ARQUAD 2C-75 and 0.05 grams of dimethyl di(hydrogenated-tallow)ammonium chloride (ARQUAD 
so 2HT75 available from Akzo Chemicals Inc. of Chicago, Illinois). The mixture was stirred with a magnetic 
stirring bar. To this mixture was added 5.65 grams of deionized water and the mixture was stirred 
vigorously for four hours. A white milky emulsion resulted. 

Example V 

55 

To 40.0 grams of octyltriethoxysilane was added 2.0 grams of ARQUAD 2C-75, and 2.0 grams of 
cocodimethyl amine (ARMEEN DMCD available from Akzo Chemie America). The mixture was blended at 
low speed. To this mixture was added and blended at high speed 56.0 grams of water. A white emulsion 
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resulted. 
Example VI 

5 To 40.0 grams of octyltrlethoxysilane was added 2.0 grams of ARQUAD 2C-75 and 2.0 grams of 
ARMEEN DMCD. The mixture was stirred. To this mixture was added and mixed at high speed 55.7 grams 
of water. Finally, 0.3 grams of SURFONYL 420 was added and the mixture was stirred for thirty minutes. 

Example VII 

70 

To 2 grams of octyltriethoxysilane was added 0.25 grams of M*D 9 M* where M* is Me2Si(0)- 
C3H 6 OCH 2 CH(OH)CH 2 NMe3 + CI" and D is (OSiMe 2 ). The mixture was stirred with a stirring bar for 30 
minutes. Afterwards, 2.74 grams of deionized water was added to the mixture and the mixture was stirred 
vigorously. A milky white emulsion resulted. To the emulsion was added 0.015 grams of SURFYNOL 420. 
75 The emulsion was stirred an additional 30 minutes. A stable milky white emulsion resulted. 

Example VIM 

To 48.66 grams of octyltriethoxysilane was added 4.87 grams of M*D 9 M*, where M* is Me 2 Si(0)- 
20 C3H s OCH2CH(OH)CH 2 NMe 3+ CP and D is as above, in an Oster blender and mixed at low speed for one 
minute. 67.76 grams of deionized water was added and the mixture was stirred at a high speed for five 
minutes resulting in a white, milky emulsion. To the emulsion was added 0.365 grains of SURFYNOL 420 
and the mixture was stirred overnight with a magnetic stirrer. 

25 Example IX 

To 2.5 grams of octyltriethoxysilane was added 0.3 grams of MDi a D* 2 M, where D* is MeSi(O)- 
C 3 H 6 OCH2CH(OH)CH2NMe3 + CI" and M is OSi(Me) 3 . and 0.5 grams of isopropyl alcohol. The mixture was 
stirred with a magnetic stirring bar. To this mixture was added 2.8 grams of water and the mixture was 
30 stirred vigorously for several hours. A white, milky emulsion resulted. 

Comparative Example I 

To 30 grams of absolute ethyl alcohol was added 20 grams of octyltriethoxysilane to make a 40% by 
35 weight silane solution. 

Comparative Example II 

To 20.0 grams of octyltriethoxysilane was added 0.56 grams of octylphenoxypolyethoxy ethanol and 
40 0.24 grams of octylphenoxypolyethoxy ethanol [differentiate] in an Oster blender. The mixture was stirred at 
a low speed for one minute. Deionized water, 29.2 grams, was added quickly and the mixture was blended 
at a high speed for five minutes. A white, milky emulsion resulted. 

Comparative Example III 

45 

To 30.0 grams of octyltriethoxysilane was added 0.42 grams of alkyloxypolyethyleneoxy ethanol 
(primary alcohol) and 0.78 grams of alkyloxypolyethyleneoxy ethanol (secondary alcohol) in an Oster 
blender at a low speed for one minute. 43.8 grams of deionized water was added and the mixture was 
blended for five minutes at a very high speed. A white, milky emulsion resulted. 

50 

Comparative Example IV 

To 40.0 grams of octyltriethoxysilane was added 2.4 grams of alkanoxypolyethyleneoxy ethanol and 1 .8 
grams of cetyl trimethylammonium bromide. The mixture was stirred. To this mixture was added and mixed 
55 55.8 grams of water. 
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To 40.0 grams of octyltriethoxysilane was added 5.0 grams of ARQUAD 2HT75 and 1.0 grams of 
ETHOMEEN C12. The mixture was stirred. To this mixture was added and mixed 54.0 grams of water. 



Table I 





Coating 


Weight Gain (%) (after 10 Days) 


Depth of Penetration (Inches) 


10 


No Coating 


5.3% 






Example I 


1.6% 


0.20 




Example II 


1 .5% 


0.20 




Example III 


1 .2% 


0.20 




Example IV 


1.8% 


0.20 


15 


Example V 


1 .7% 


0.20 




Example VI 


1 .8% 


0.25 




Example VII 


1 .6% 


0.20 




Example VIII 


1 .7% 


0.25 




Example IX 


1 .7% 


0.25 


20 


Comparative Example I 


1 .6% 


0.20 




Comparative Example II 


2.0% 


0.10 




Comparative Example III 


2.2% 


0.10 




Comparative Example IV 


2.0% 


0.10 




Comparative Example V 


1 .5% 


0.10 



25 



Claims 



1. An aqueous emulsion comprising 

a. 1 .0 to 60 weight percent of a silane; 

b. 0.05 to 25 weight percent of an emulsifier selected from the group consisting of (1) quaternary 
ammonium halides of the general formula R 1 a ( R2 )4-aN + X" where R 1 are alkyl groups of eight to 
twenty-two carbons in length, R 2 are alkyl groups of 1-3 carbons in length and X" is an inorganic or 
organic anion and (2) quaternary ammonium modified polysiloxanes of the general formula 

Me 2 RiSi(OSiMe 2 ) x (OSiMeR2-M) y SiRi Me 2 , 



where x = 3-25, y = 0-5, 

Ri is selected from the group consisting of Me or R2-M, where R 2 is a bivalent hydrocarbon group 
having at least four carbon atoms and M is 



45 



-N4--R 4 X" 



50 



55 



where R 3 , R 4 , R 5 are alkyl groups with 1 to 3 carbon atoms and X~ is an inorganic or organic anion; 
and 

c. 1 5 to 98.5 weight percent water. 

The aqueous emulsion of claim 1, where the silane is of the general structure R 1 a Si(OR 2 ) 4 - a where R 1 
is Ci to Cis alkyl groups in straight or branched chain configuration or aryl or aralkyl groups, R 2 are Ci 
to C5 alkyl groups in straight or branched chain configuration and a is one (1) to three (3). 



3. The aqueous emulsion of Claim 1 , where X" is a halide or acetate. 
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4. The aqueous emulsion of Claim 1, where the emulsifier is a quaternary modified polysiloxane and y = 
0. 

5. The aqueous emulsion of claim 1, additionally comprising nonionic surfactants present at about 0.1 to 
1 .0 weight percent of the emulsion. 

6. The aqueous emulsion of claim 5, where the nonionic is a trialkyl amine. 

7. The aqueous emulsion of claim 5, where the nonionic is an ethoxylated acetylinic hydrocarbon. 

8. The aqueous emulsion of claim 1 , where the weight ratio of silane to emulsifier is about 4:1 to 20:1 . 

9. The aqueous emulsion of claim 1 additionally comprising a buffer. 

10. The aqueous emulsion of claim 1 additionally comprising an organic solvent. 

11. The aqueous emulsion of claim 1 where R 2 has hydroxy! group. 

12. The aqueous emulsion of claim 1, where the emulsifier is a quaternary ammonium modified polysilox- 
ane and R 2 -M group is ~C 3 H 5 OCH 2 CH(OH)CH 2 NMe3 + Cr. 

13. An aqueous emulsion comprising 

a. 1.0 to 60 weight percent of at least two silanes; 

b. 0.05 to 25 weight percent of an emulsifier; and 

c. 15 to 98.5 weight percent water. 

14. An emulsion according to claim 13 wherein the emulsifier is selected from the group consisting of (1) 
quaternary ammonium halides of the general formula R 1 a(R 2 ) 4 -aN + X-, where R 1 are alky I groups of 
eight to twenty-two carbons in length, R 2 are alkyl groups of 1-3 carbons in length, and X~ is an 
inorganic or organic anion and (2) quaternary ammonium modified polysiloxanes of the general formula 
Me2RiSi(OSiMe 2 ) x (OSiMeR2-M) y SiRiMe 2 where x = 3-25, y = 0-5, Ri is selected from the group 
consisting of Me or R 2 -M, R 2 is a bivalent hydrocarbon group having at least four carbon atoms, and M 
is 



where R 3 , R*. R 5 are alkyl groups with 1 to 3 carbon atoms and X" is an inorganic or organic anion. 

15. A process for making a water-sealant composition comprising mixing: 

a. 1 .00 to 60 weight percent of a silane; 

b. 0.05 to 25 weight percent of an emulsifier selected from the group consisting of (1) quaternary 
ammonium halides of the general formula R 1 a (R 2 )4- a N + X- where R 1 are alkyl groups of eight to 
twenty-two carbons in length, R 2 are alkyl groups of 1-3 carbons in length, and X - is an inorganic or 
organic anion and (2) quaternary ammonium modified polysiloxanes of the general formula 

Me 2 Ri Si(OSiMe 2 ) x (OSiMeR 2 -M) y SiRi Me 2 

where x = 3-25, y = 0-5, 

Ri is selected from the group consisting of Me or R 2 -M, R 2 is a bivalent hydrocarbon group having 
at least four carbon atoms, and M is 




-N+-R 4 X- 
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R 3 

I 

-N+-R 4 X- 



where R 3 , R 4 , R 5 are alkyl groups with 1 to 3 carbon atoms and X~ is an inorganic or organic anion; 
10 and 

c. 1 5 to 98.95 weight percent water, 
to form an emulsion. 

16. The aqueous emulsion of claim 15, where the sllane is of the general structure R 1 a Si(OR 2 ) 4 - a and 
15 where R 1 is Ci to Ci 8 alkyl groups in straight or branched chain configuration or aryl or aralkyl groups, 

R 2 are Ci to C5 alkyl groups in straight or branched chain configuration and a is one (1) to three (3). 

17. The aqueous emulsion of claim 15, where X~ is a halide or acetate. 

20 18. The aqueous emulsion of claim 15, additionally comprising nonionic surfactants present at about 0.1 to 
1.0 weight percent of the emulsion. 

19. The aqueous emulsion of claim 15, where the weight ratio of silane to emulsifier is about 4:1 to 20:1. 

25 20. The aqueous emulsion of claim 15 where R2 has hydroxyl group. 
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-N+-R 4 XT 
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R 5 

where R 3 , R 4 , R 5 are alkyl groups with 1 to 3 carbon atoms and X - is an inorganic or organic anion; 
10 and 

c. 15 to 98.95 weight percent water, 
to form an emulsion. 

16. The aqueous emulsion of claim 15, where the silane is of the general structure R 1 a Si(OR 2 ) 4 - a and 
15 where R 1 is Ci to Cis alkyl groups in straight or branched chain configuration or aryl or aralkyl groups, 

R 2 are Ci to Cs alkyl groups in straight or branched chain configuration and a is one (1) to three (3). 

17. The aqueous emulsion of claim 15, where X~ is a halide or acetate. 

20 18. The aqueous emulsion of claim 15, additionally comprising nonionic surfactants present at about 0.1 to 
1 .0 weight percent of the emulsion. 

19. The aqueous emulsion of claim 15, where the weight ratio of silane to emulsifier is about 4:1 to 20:1. 

25 20. The aqueous emulsion of claim 15 where R 2 has hydroxyl group. 
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